The prevalence of the currently known Acinetobacter species and related trends of antimicrobial resistance in a Dutch university hospital were studied. Between 1999 and 2006, Acinetobacter isolates from clinical samples were collected prospectively. Isolates were analyzed by amplified fragment length polymorphism fingerprinting. For species identification, a profile similarity cutoff level of 50% was used, and for strain identification, a cutoff level of 90% was used. Susceptibility for antimicrobial agents was tested by disk diffusion by following the CLSI guideline.
MATERIALS AND METHODS

Setting.
The study was performed in the Leiden University Medical Centre, The Netherlands, between 1999 and 2006. In 2006, the hospital had 18,908 admissions, with a mean duration of stay of 7.5 days and a total of 141,128 patient-days. In addition, for the purpose of day care, 11,957 patients were admitted.
Isolates. Acinetobacter strains were isolated from clinical specimens in the diagnostic microbiology laboratory of the hospital. Identification of the organisms as belonging to the genus Acinetobacter or, presumptively, as Acinetobacter species was done with the Vitek 2 system (bioMerieux, Boxtel, The Netherlands). For each patient, each colony morphotype possibly representing a unique strain was analyzed by AFLP typing (see below), and depending on the outcome, each unique strain per patient was included. Isolates were collected prospectively and stored at minus 80°C in glycerol broth.
Isolates were classified as hospital related when the specimen from which the organism was cultured was taken during the stay in the hospital or within 14 days after discharge of the patient from the hospital.
AFLP analysis for species and strain identification. Selective amplification of genomic restriction fragments by AFLP was performed as described previously (12) . Briefly, purified DNA was digested using EcoRI and MseI, and amplification was done with a Cy5-labeled EcoRIϩA primer and an MseIϩC primer (A and C are selective bases). The ALF express II DNA analysis system (Amersham Biosciences, Roosendaal, The Netherlands) was used for fragment separation. The fingerprints of fragments of 50 to 500 bp were investigated by cluster analysis using the Bionumerics 4.5 software package (Applied Maths, Sint-MartensLatem, Belgium), with the Pearson product moment coefficient (r) as a similarity measure and the unweighted-pair group method using arithmetic averages for grouping. For species identification, isolates were compared to a library of strains of all described (genomic) species, using a similarity cutoff level of 50%, above which strains were considered to belong to the same species (7, 12) . Isolates were considered to belong to the same clone or strain if they grouped together at a level greater than or equal to 80% or 90%, respectively (7).
Susceptibility testing.
Resistance to 12 antimicrobial agents or combinations of agents which are effective against susceptible A. baumannii strains was determined by disk diffusion by following the CLSI guidelines. The semiautomated Biomic image analysis system, release 2005 (Giles Scientific, Inc., New York, NY), was used to read and interpret zone sizes. The control strains were Escherichia coli ATCC 35218, E. coli 25922, Enterococcus faecalis ATCC 29212, and Acinetobacter strains LUH 4624 and LUH 4576, received from A. Nemec (National Institute Public Health, Prague, Czech Republic). Bacterial isolates were suspended in 2 ml saline to a turbidity corresponding to a 0.5 McFarland standard. The agents (Oxoid) (values in parentheses represent content levels [g/disc], susceptibility breakpoints [mm], and resistance breakpoints [mm] , in that order) were gentamicin (10, Ն15, and Յ12), netilmicin (30, Ն15, and Յ12), tobramycin (10, Ն15, and Յ12), amikacin (30, Ն17, and Յ14), ampicillin and sulbactam (10 and 10, respectively; Ն15; and Յ11), piperacillin (100, Ն21, and Յ17), ceftazidime (30, Ն18, and Յ14), meropenem (10, Ն16, and Յ13), imipenem (10, Ն16, and Յ13), ofloxacin (5, Ն16, and Յ12), sulfamethoxazole and trimethoprim (23.75 and 1.25, respectively; Ն16; and Յ10), and tetracycline (30, Ն19, and Յ14). The plates were incubated 24 h at 37°C and then read by using the Biomic system. The category of susceptibility was determined from the zones of inhibition as susceptible, intermediate, or resistant. Trends in susceptibility over the years were analyzed by the chi-square test, with linear-by-linear association, using the statistical package SPSS. (23) . When the patients belonging to the cluster were omitted, the incidence was found to The ratio of men to women was 1.6, varying from 1.1 to 2.7. The mean ratio of men to women admitted to the hospital during the study years was 0.96 (range, 0.91 to 1), indicating that Acinetobacter is seen more often in men than in women. The median ages of the patients per year ranged from 47 to 52 years. The youngest patients were newborns a few days old in the neonatology intensive care unit. The oldest patient was 91 years old. Forty-six percent of the patients were admitted to one of the intensive care units of the hospital. Next in frequency were patients from the departments of urology and hematology.
RESULTS
Patients
Acinetobacter isolates. Of the 365 patients with documented Acinetobacter cultures, isolates from 331 patients were available for further investigation. If multiple isolates per patient were available, the first isolate of a series of samples from each positive body site was taken for study. If patients had recurrent episodes of positive cultures, the first sample of each period was studied. For each patient, isolates were compared by AFLP analysis for strain relatedness (similarity, Ն90%) and, next, replicate isolates were excluded. All together, a total of 359 single strains were found in the 331 patients (including the secondary cases, i.e., patients with the same AFLP type in the same period and ward). At the species cutoff level of 50% ( Fig. 1) , as determined by AFLP analysis, 20 different species were distinguished (Table  1) , whereas 12 isolates could not be identified. The most prevalent species were A. baumannii (27%, with the large cluster not included) and Acinetobacter gen. sp. 3 (26%) ( Table 1) . Other species seen relatively frequently were A. lwoffii (11%), A. ursingii (4%), A. johnsonii (4%), and A. junii (3%).
Thirty-two percent of the 359 single strains were isolated from airway secretions, 16% from wounds and wound drains, 15% from blood or intravascular lines, and 9% from urine. A. baumannii and Acinetobacter gen. sp. 3 were most frequently isolated from sputum samples (48 and 32%, respectively) and wound samples (19 and 18%, respectively). A. lwoffii was mainly isolated from blood samples or intravascular lines (42%).
Inspection of AFLP profiles for possible strain relatedness (Ն90%) showed a number of clusters possibly indicative of FIG. 1. Dendrogram of cluster analysis of AFLP profiles of sets of strains possibly involved in transmission. The horizontal axis represents the similarity level at which strains are grouped. This level is determined by Pearson's product moment correlation coefficient. Grouping was obtained by the unweighted-pair group method using average linkages. Similarity levels of 50% and 90% (dotted lines) are considered to represent the species and strain cutoff levels, respectively. "Ungrouped 1" and "ungrouped 2" represent strains that could not be identified as the described (genomic) species. Strains marked in gray represent a prolonged cluster in the hospital. Opt, optimization (shift allowed between any two patterns for the best possible matching). Fig. 2A) . Only one isolate was completely resistant. Piperacillin, tetracycline, cotrimoxazole, ofloxacin, gentamicin, and ceftazidime resistances were most frequently observed (Table 2) . Two A. baumannii isolates were carbapenem resistant.
For Acinetobacter gen. sp. 3, the percentages of full susceptibility ranged from 20 to 50% (overall, 37%). Through the years, the proportion of resistant isolates seemed to increase, with the highest levels of resistance observed (Fig. 2B) . Piperacillin resistance was most frequently observed (Table 3) . Forty percent of the isolates showed intermediate susceptibility to piperacillin.
Of the remainder of Acinetobacter species, 40 to 80% (overall 58%) were susceptible. Through the years, the proportions of susceptible and resistant isolates varied without a trend of increasing resistance, although more multiple resistant strains were seen in the last 2 years of the study (Fig. 2C) Overall, 82 isolates (23%) were multiresistant, defined as resistant to three or more antibiotics. Sixty-five of these 82 multiresistant isolates were A. baumannii. For all Acinetobacter isolates together, there was a borderline significant trend (P ϭ 0.059) of decreasing susceptibility between 1999 and 2006. For A. baumannii (P ϭ 0.302), Acinetobacter gen. sp. 3 (P ϭ 0.225), and the other Acinetobacter species (P ϭ 0.46), analyzed separately, no trend was demonstrated.
Comparison of isolates with European clones I to III. Previous studies have shown that three major groups of highly similar strains which are considered to represent three lineages of descent (European clones I to III) occur among epidemic strains of A. baumannii in Europe (6, 13, 24) . These studies have shown that strains of these clones can be separated by AFLP profiling, with ϳ80% being considered the cutoff level, above which strains are considered to belong to the same clone. In the current study, we compared the AFLP profiles of the A. baumannii strains to those of sets of strains of the three clones available in the Leiden University Medical Center culture collection. Thus, five isolates from 2003 were identified as belonging to European clone I (data not shown). These isolates showed a high level of similarity to each other (Ͼ95%) and were from the same time-space frame, indicating epidemic spread. Five other isolates were identified as belonging to European clone II; two of these, obtained in 1999, were considered to represent a common strain that had spread between two patients (data not shown). Altogether, strains of the European clones were relatively rare among the A. baumannii strains of our study.
DISCUSSION
The present study shows that through the years, the incidences of patients with an Acinetobacter isolate from a clinical specimen varied in our hospital under conditions of endemicity between 1.7 and 3.7 per 10.000 patient-days with secondary cases included and between 1.7 and 3.3 with secondary cases excluded. Between 1999 and 2006, the incidences showed no trend of increase.
Acinetobacter was found half as frequently in men as in women. A small study of Acinetobacter anitratus blood culture isolates reported a male/female ratio of 2.7:1 (16). Our study substantiates the overrepresentation of men, which is not explained by a higher admission rate. The opposite is true; slightly more women than men are admitted to our hospital.
A variety of species was found. Only a quarter of the isolates were A. baumannii. Acinetobacter gen. sp. 3 was seen as often as A. baumannii.
Three-quarters of the isolates belonged to species known to be associated with infections in humans. Next to A. baumannii and Acinetobacter gen. sp. 3, these are A. junii (2), A. ursingii (5, 12) , Acinetobacter gen. sp. 13TU (11, 25) , and A. johnsonii (18) . A. lwoffii, a well-known colonizer of the human skin, made up 11% of the isolates. It was frequently found on tips of intravascular catheters and in blood cultures. The question is whether this must be considered contamination of the cultures or represents infection.
Only a few studies have investigated the distribution of acinetobacters in clinical specimens at the species level, and considerable differences in outcome have been reported. For example, our data differ from the observations made by Struelens et al. (20) in a Belgian hospital. Under circumstances of endemicity, about half of their Acinetobacter isolates were identified as A. baumannii, twice as many as we found. Acinetobacter gen. sp. 3 was found in 5% of their isolates, compared to 24% in our survey. This inconsistency may be explained either by the use of biweekly surveillance cultures in the Belgian study or by the use of different methods for species identification. We used AFLP analysis, a well-validated method for species identification (8), while Struelens et al. used the phenotypic system developed by Bouvet and Grimont (4). It is of note that the identification of Acinetobacter gen. sp. 3 with this system is not perfect (65%) (9). Seifert et al. (17) , also using the system of Bouvet and Grimont, identified 73% of the Acinetobacter isolates from clinical samples as A. baumannii. Acinetobacter gen. sp. 3 was found in 9%, A. johnsonii in 5%, and A. lwoffii in 4% of the isolates.
Traub and Bauer (22) identified 45% of 2,359 clinical isolates of Acinetobacter as gen. sp. 3, 15% as gen. sp. 13, and 14% as A. baumannii by phenotypic identification. The origin of their isolates is not described, and therefore, it is not clear whether their collection is representative of the situation of endemicity or concerns a selection of strains.
Tjernberg and Ursing (21), who used DNA-DNA hybridization, a robust method for species identification, also found a predominance of Acinetobacter gen. sp. 3 among consecutive clinical Acinetobacter isolates in a Swedish hospital. In a recent study from Ireland, Acinetobacter gen. sp. 3 was the most frequent species found, representing 39% of 114 isolates over a 30-month period (3). A. baumannii was second, with 22%. For A. baumannii, our findings are in line with this Irish study; however, for Acinetobacter gen. sp. 3, the difference is considerable. Whether these differences are due to geographic, methodological, or epidemiological differences between the studies is hard to say.
Antimicrobial resistance is one of the major problems associated with Acinetobacter. In our survey, resistance was evi- (14) . Although A. baumannii and Acinetobacter gen. sp. 3 clinical isolates were found in almost equal numbers, the former species was involved in nine clusters, among which the largest clusters occurred, and Acinetobacter gen. sp. 3 was observed in only two small clusters, involving a total of five patients. Outbreaks caused by A. baumannii are well known and get a lot of attention in the literature (15, 23) . Outbreaks caused by other species have been reported much less often (1, 10, 25, 26) , which may, in part, be due to underreporting. Indeed, identification of Acinetobacter isolates to the species level, as we did in the present study, is not usual in routine microbiological diagnostics. The Vitek 2 system is unreliable for species identification of Acinetobacter (3). The question is whether speciation should be done routinely. Easy methods for species identification do not exist, so the costs of species identification should be outweighed by the benefit of it for the management of patients and the timely institution of control measures. For daily practice, the relevance of knowing the species is limited. Treatment is primarily determined by the susceptibility pattern of the isolate and not by the species to which it belongs. This may be different for infection control measures. In The Netherlands, it is common practice to put patients infected by multiresistant bacteria in strict isolation, for which an isolation room is needed in the case of A. baumannii. Patients infected by species with a lower risk of transmission can be treated with less radical precautions, like contact isolation (see WIP [www.wip .nl/], a guideline for highly resistant microorganisms). This is in the interest of the patients because nursing in isolation rooms is accompanied by inferior care (19) . The results of the present study show that the majority of the multidrug-resistant Acinetobacter isolates are A. baumannii. Therefore, identification at the species level will have a minor impact on isolation of patients infected with multiresistant Acinetobacter. Species identification is indispensable for analysis of outbreaks. The types of measures differ, dependent on whether multiple species are found or different strains of one species or a single strain of one species is involved (23) .
Not many A. baumannii isolates that belonged to one of the three major European clones were found (6, 24) , but most of those found were associated with cross-infection, which emphasizes the epidemiological potential of these clones. Four of the eight secondary cases observed in 2003 were due to clone I. Clone II was observed five times, one of which involved a secondary case.
In conclusion, we found that under endemic conditions, a wide range of Acinetobacter species was isolated from clinical samples in our hospital. The incidence of Acinetobacter remained stable over the study years, while there was a borderline significant trend toward decreased susceptibility to antimicrobial drugs. Small clusters of transmission occurred regularly. A. baumannii was seen as often as Acinetobacter gen. sp. 3. Half of the isolates belonged to these two species. A. baumannii causes the largest burden of multiple antimicrobial resistance and transmissions in the hospital.
